Mycobacterium avium subsp. paratuberculosis is the causative agent of Jhone's disease or paratuberculosis in ruminants. Effective control of paratuberculosis has been hampered by the lack of a specific antigen for diagnosis of paratuberculosis in early stages of infection. The 34 kD cell wall protein of MAP have been suggested as major species-specific immunodominant antigen in Jhone's disease, but because of special interactions between MAP cell wall proteins the purification of 34 kD protein for further studies is difficult. In present study, a method has been developed for extraction of 34 kD antigen from SDS-PAGE gels. Following separation of extracted cell wall proteins by polyacrylamide gels, proteins were stained with coomassi blue and 34 kD protein isolated using electroelution. Then, salts and SDS were removed by dialysis and 34 kD antigen was concentrated by poly ethylene Glycol 6 kD. Analysis of the system efficiency showed high protein recovery from SDS-PAGE gels. The mentioned antigen may be candidate with potential for vaccine development against MAP infection.
INTRODUCTION
Mycobacterium avium subsp. Paratuberculosis (MAP) is a very slow growing, acid-fast member of M. avium complex. It is the causative agent of paratuberculosis or Johne's disease, a widespread chronic granulomatous inflammatory bowel disease of domestic and wild ruminants, characterize by intermittent diarrhea associated with rapid weight loss (Clarke, 1997; Valentine-Weigand and Goethe, 1999) . The ultimately fatal disease is of major economic importance to livestock producers since it can lead to lost productivity, animal wasting and mortalities in sever cases (Manning and Collins, 2001 ). Since MAP excreted in milk and colostrom from infected animals, and has remarkable thermo stability during pasteurization (Romano et al., 2005) , it could be possible vehicle of transmission of MAP to human. So rapid diagnosis, culling of infected animals and eradication of Johne's disease (JD) at an early phase of infection is very important, but because of the hidden nature of disease and ineffective diagnosis, particularly in long subclinical phase (months to years), control programs are hampered and not successful (Gumber et al., 2009) . Current immunodiagnostic tests for Mycobacterium paratuberculosis are based on crude antigen mixtures, and because of high genetic similarities between MAP with other Mycobacteria, the sensitivity and specificity of these tests is very low; thus there is an urgent need for the development of improved (that is relatively inexpensive, easy to implement, rapid, sensitive and specific) diagnostic test for JD based on species-specific components of M. paratuberculosis (Mutharia et al., 1996) .
De and Gilot et al. (1993) identified a novel 34 kD protein as a species-specific epitope of this mycobacter (Mutharia et al., 1996) . Potential of this immunodominant cell wall associated integral protein in JD serodiagnosis in all phases of infection with high sensitivity in one hand, and specificity to M. paratberculosis on the other, caused that this 34 kD antigen become a notified and interesting subject to biologists for more studies. However, because of the specific situation and location of this protein in the cell wall of M. paratuberculosis preparing of purify protein is difficult, so all previous researches about this antigen have been performed by using a recombinant protein. Therefore, in the present study we applied electroelution system for direct isolation of 34 kD antigen from coomassi blue stained SDS-PAGE gels, for evaluation of its specificity and immunogenicity in further studies .
MATERIALS AND METHODS

Bacterial strain and growth conditions
M. avium subsp. paratuberculosis (ATCC 19698) was grown in Middlebrook 7H9 broth (Becton Dickinson, Oakville, ON, Canada) supplemented with 0.5% glycerol, 0.05% Tween 80, 2 μg/ml of mycobactin J (Allied Monitor, Fayette, MO, US) and 10% oleic acid albumin dextrose complex (OADC, Becton Dickenson) at 37°C for up to 3 to 4 months. The cultures were harvested in phosphate buffered saline (PBS) using sterile disposable inoculating loops and then centrifuged (in IEC B-22 M rotor n.877) for 10 min at 8500 × g at 4°C and washed three times with ice cold PBS (pH 7.4). The pellets were frozen at -70°C until needed (Marsh and Whittington, 2007; He and De Buck, 2010) .
Cell wall proteins preparation
The weight of wet cells was determined and for each gram of bacteria 1 ml lysis buffer (Tris-Hcl) was added and boiled in 100°C for 5 min. Because there was some unbroken cells and 34 kD protein is an integral cell wall protein, the cell pellets were distributed in a cell homogenizer (Model Heidolph DIAX 900) using maximum speed for 2 min on ice and then sonicated (with B. Braun Biotech international Sonicator) at maximum setting on ice for 1 to 2 min. The lysed cell suspension was centrifuged at 10000 × g for 20 min, aliquots of the supernatant (containing the proteins) was sterilized by filtration, using 0.45 μm pore-size filters (Millipore, Ettobicoke, ON, Canada) and stored frozen at -20°C (Mutharia et al., 1996) .
Sedimentation of protein
For sedimentation of the proteins of cell suspension that contained soluble cellular extracts, Amonium Sulfate of 35% were added to the solution on a magnet stirrer until obtaining a homogenous suspension then centrifuged at 10000 × g for 30 min at 4°C, the supernatant was removed and the pellet containing proteins, resuspended in the same volume of PBS 0.01 M and were dialyzed overnight through 10 kD dialysis membrane on a magnet stirrer at 4°C to remove salts that may interfere with protein determination (Mutharia et al., 1996) .
Estimation of protein concentration
A Lowry assay for the estimation of protein concentration was performed using the following standard procedure (Lowry et al., 1951) .
SDS-PAGE analysis
The soluble protein extracts were separated by sodium dodecyl Kavid et al. 1695 sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions as described by Laemmli (1970 
Analysis and documentation of gel
Each protein was quantified for molecular net intensity and the molecular weights were established on the bases of mobility compared to that of standard molecular weight marker (Bio-Rad).
Isolation of 34 kD protein
A 2 ml sample of cell wall extracts was loaded in a 220 mm long sephadex G100 matrix in phosphate buffer (PBS 0.01M). The elutes were collected (in the volume of 2 ml), then the optical density of each fraction was measured at 280 nm, for detection of the ones containing protein. Finally the mentioned fractions were concentrated in Polyethylene Glycol (PEG MW 6000) for 30 min and its protein contents were evaluated in SDS-PAGE analysis as described previously. At the same condition, 2 ml of CWE was loaded in G200 matrix in Tris buffer (Tris-Hcl 0.2 M) for separation of 34 kD protein from other cellular extract. Because of deficiency of these chromatography systems in purification of these Mycobacterial proteins, we chose ion exchange chromatography (IEC) and then 1.5 ml of CWE was loaded in 200 mm long DEAEcellulose matrix in gradient of phosphate buffer (PBS 0.01, 0.05 and 0.1 M). The elutes were collected and concentrated with polyethylene glycol (PEG 6 kD), then analyzed in SDS-PAGE. Since different chromatographic assays were not useful for separation of these Mycobacterial proteins especially the 34 kD protein, we used Bio-Rad model 422 Electro Eluter to recover 34 kD protein separated by SDS-PAGE. Briefly, after running a standard 12.5% SDS-PAGE gel for 2 ml CWE, the gel was stained with coomassi blue to visualize the protein bands. The expected 34 kD protein band was cut out and diced into smaller slices and was placed into 3 to 6 tubes. The tubes were filled with elution buffer (the Tris/glycin buffer used also for gel electrophoresis) and then silicon adaptors filled with elution buffer, then checked for leakage and air bubbles, the lead was attached and the elution conditions were set (8 to 10 mA/glass tube) for 5 h, on a magnetic stirrer.
At the end of elution, the buffer of upper chamber was removed and the eluted proteins were pipetted from membrane. The obtained protein solution was dialyzed in elution buffer without SDS (overnight at 4°C) to remove SDS from isolated protein. Then it was concentrated with PEG 6 kD.
Evaluation of purity and concentration of protein
The purification of the protein was analyzed by SDS-PAGE gel which stained with the coomassi blue (Mohammadian et al., 2010) . To be sure there is no other protein in the eluted protein; the gel was stained with silver staining (Shevchenko et al., 1996) . The concentrated protein solution was measured by Lowry assay (Lowry et al., 1951) . The pure products were stored at -20°C. 
RESULTS
Cell wall proteins preparation
The concentration of whole CWE proteins was 34.65 mg/ml.
SDS-PAGE
For separating cellular proteins based on their molecular weight, whole cell extract proteins were evaluated in coomassie blue stained SDS-PAGE gels then it is used for determining the position and concentration of M. paratuberculosis (MAP) 34 kD antigen (Figure 1) . In gel filtration and ion exchange chromatography, the two proteins elutes which was obtained from gel filtration in G100 and G200 matrix indicated the same result with identifying whole CWE protein bands in SDS-PAGE analysis (Figure 2A and B) . Moreover the SDS-PAGE analysis of purified and concentrated three protein elutes from IEC identified all protein bands at first protein elute (like gel filtration), a bold band in range of 50 to 60 kD at second protein elute, but no protein band was detected at the last one ( Figure 3) . As described earlier, the common chromatographic methods used in this study, did not have enough efficiency for isolation and separation of M. paratuberculosis cell wall proteins especially the 34 kD protein, so we used electroelution method for isolation and purification of 34 kD protein.
Electroelution of proteins from gels is the method used to recover proteins resolved by electrophoresis in polyacrylamide gel by transferring the protein molecules out of gel by means of an electric field (Dunn, 2004; Smith, 2002) .
Evaluation of the purity of 34 kD antigen after electro elution
Only one protein band with 34 kD molecular weight was manifested in coomassi and silver stained gels of purified protein achieved from electroelution ( Figure 4A and B,  lane B) . Then the concentration of purified 34 kD protein was determined by 115 µg/ml in Lowry assay.
DISCUSSION
Previous studies support role of secreted components in immunity against mycobacteria (Mutharia et al., 1996) . Hence, identification and characterization of these components may be useful for understanding the pathogenic mechanisms of MAP and the immune response against this organism and suitable strategy to perform control programs against mycobacterial disease (Leroy et al., 2009) . 34 kD antigen is one of the MAP specific antigens that have been fully characterized previously (De Kesel et al., 1992) and reported that this immunodominant cell wall associated protein releases to the environment through infection and has a significant role in formation of granulomata and other hypersensitivity type responses manifested in JD. This property of protein is associated with the extracellular carboxyl domain of protein which was identified to have B-cell epitopes specific for MAP (Malamo et al., 2006) . In 2003, Ostrowski et al. (2003) used the C-terminal of MAP recombinant 34 kD protein in immunogenic analysis and confirmed the specificity and immunogenicity of P-34-cx in MAP and Johne's disease. Malamo in 2006 demonstrated the specificity and sensitivity of C-terminal of 34 kD protein in MAP by using a recombinant 34 kD protein (Mutharia et al., 1996) . Despite of the demonstration and confirmation of the specificity and immunogenicity of the 34 kD protein of M. paratuberculosis in almost all former studies, the recombinant 34 kD protein of MAP was used in immunogenic analysis because purifying of native 34 kD protein from cell wall extracts is difficult by using common biochemical methods.
So lack of research about this exclusive antigen by using of the native protein purified from M. paratuberculosis is existence. This is the main reason that we have decided to focus our effort on application of an appropriate method for purification of 34 kD protein from the bacterial extracts. Hence, we attempted to isolate the 34 kD cell wall protein from CWE with common chromatographic methods such as gel filtration and ion exchange chromatography. However, all chromatography assays that we used in this study gave the same results and SDS-PAGE analysis revealed the presence of almost all cell wall proteins in protein containing fractions. In other words the usual biochemical methods did not have efficiency for separation of MAP cell wall proteins, and may be the cell wall bacterial proteins are in aggregation and have interactions with each other. We hypothesize that the function of MAP cell wall proteins are also related to each other, and if we can separate them successfully, may be the activity of each single protein will reduce or completely stop. As mentioned, we could not obtain good results from common purification methods, and we applied a specific electrical technique for separation of our 34 kD protein from electrophoresis gels and re-dilution in Tris base buffer. Electroelution is a widely used methodology for protein purification, by using this technique, the 34 kD protein was successfully isolated and purified from the SDS poly acryl amide gel then the purification of this product was confirmed in SDS-PAGE analysis (Schuhmacher et al., 1996) . Figure 1 , lane B shows that in an analytical SDS-PAGE, the 34 kD electroeluted protein migrated as a single band confirming its purity to homogeneity. In conclusion, at present study, we used a simple and rapid method to purify 34 kD antigen which avoids its long term purification.
One-dimentional preparative gel electrophoresis allows a single short isolation step and the high resolution of electroelution leads to a high level of protein purity avoiding contamination by other cell wall proteins which often appear during protein purification by column chromatographic techniques. The method described here for isolation of protein(s) from a complex mixture could be useful for immunogenicity analysis of this protein in the future.
